Abstract: A highly specific method, selected ion monitoring (SIM), using [7,7-2H2] 19-hydroxytestosterone (19-OHT) as an internal standard, was newly developed to determine 19-OHT in serum. Steroids in serum obtained from the ovarian vein were extracted with ethyl acetate. Following separation by thin layer chromatography, the 19-OHT fraction was subjected to SIM after formation of the methoxime-trimethylsilyl (MOTMS) derivative. Mass spectra of the 19-OHT-MOTMS derivative was dominated by the molecular cation [M] + (m/e 477). Serum concentration of 19-OHT was 280 pg/ml in ovarian vein. This is the first evidence of 19-OHT in human blood.
Introduction
The 19-hydroxysteroids are considered to be obligatory intermediates of conversion of androgens to estrogens1,20. Recently, the concentration of 19-hydroxyandrostenedione (19-OHA) in human blood was evaluated using a specific and sensitive radioimmunoassay 3-6) . Concentration of 19-OHA in the maternal vein, umbilical artery, umbilical vein, and ovarian vein measured by selected ion monitoring (SIM) using [7,7-2H2] 19-OHA as the internal standard was also reported7'8. However, there has been no report of 19-hydroxytestosterone (19-OHT) concentration in human body fluid. In the present study, we were interested in the quantitative analysis of 19-OHT and a detailed description of the role of 19-OHT in estrogen biosynthesis. Therefore, a highly specific assay method for determination of 19-OHT in serum was developed using SIM and the concentration of 19-OHT in human ovarian venous blood was measured. After the addition of deuterium-labeled 19-OHT to 10 ml of the serum, the serum was extracted twice with 30 ml of ethyl acetate. The organic layer was evaporated under a N2 gas stream. The extracts were dissolved in 1 ml of 60% methanol and washed twice with 2 ml of n-hexane to remove lipids and was dried by evaporation. After adding 1 ml of water, steroids were extracted twice with 3 ml of ethyl acetate, and the solvent was removed by evaporation under a N2 gas stream. The dry residues were dissolved in methanol, applied to silica gel (Silica Gel GF2,4, E. Merck) thin layer chromatography (TLC) and developed in a system of ethyl acetate, 100% (TLC-I). Spots of authentic steroids on TLC were located under an UV light (254 nm). As 19-OHT and 19-OHA could not be separated with this system, the area corresponding to these steroids was scraped and eluted. The elute was applied to TLC in a system of ethyl acetate-benzene-methanol (5:4:1) (TLC-II) to further separate the 19-OHT and 19-OHA. The spot of 19-OHT was scraped from the plate and the fraction was eluted and subjected to SIM after derivative formation.
Calculation o f the content o f 19-OHT :
The mass spectrometer data system used in the present study measured the peak heights and peak height ratios from which the quantity of unlabeled 19-OHT present was derived, according to the formula reported by Dehennin et al.12,
Results
Mass spectrometry: Analysis by mass spectrometry showed that the product consisted of 7,7-d2-1 9-OHT (98.3%), d1-19-OHT (2.6%) and do-19-OHT (4.6%) and d3-19-OHT (0.7%), and no iso- for 19-OHT-TMS; m/e= 496,498 for 19-OHT-TFA to obtain peak height ratios. The relative intensities of 19-OHT-MOTMS, 19-OHT-TMS, and 19-OHT-TFA were 5%, 1 %, and 1 %, respectively. The strongest relative intensity was found to be for 19-OHT-MOTMS. Since a dideutero internal standard was used, it was important to establish the contributions of the analyte to the internal standard and vice versa. The [M+2]+ ion of the analyte (m/z 479) was 9% of the molecular cation and the [M-2]+ ion of the labeled internal standard (m/z 477) was 4.6%, so mutual contributions can be ignored. The isotopic purity of [7,7-2H2] 19-OHT-MOTMS was 92.6 atom %d. This purity is sufficient for use as an internal standard for GC-MS analysis of endogenous serum content.
Mass chromatogram of 19-OHT-MOTMS derivative:
Two peaks at different retention times appeared in the mass chromatogram of the authentic 19-OHT-MOTMS derivative. As shown in Fig. 2 , the mass spectra of these two peaks were estimated as isomers of 19-OHT-methoxime (MO) derivative. Chromatographic resolution:
Establishment of the purity of the 19-OHT peak can be ascertained only by demonstrating that no steroids with the correct molecular cation (m/z 477) are present in the 19-OHT peak. Steroids with the same molecular cation as 19-OHT were present in the serum. These included 16-hydroxydehydroepiandrosterone (16-OHDHA) and 16-hydroxytestosterone (16-OHT) which were separated by capillary column and TLC. The respective retention times of 16-OHDHA, 16-OHT, and 19-OHT were 270 sec, 443 sec, and 324 sec. RF values of these steroids on TLC were 0.36, 0.10, and 0.20, respectively. Evaluation of the method:
A known amount of 19-OHT was added to 10 ml of healthy male serum which was freed of steroid by charcoal. The extraction and derivative formation were carried out as described above. As seen from Table 1 , the values for percentage recovery and coefficient of variation (C.V.) were satisfactory. 
Clinical results:
Serum samples obtained from peripheral and ovarian veins in the follicular phase and luteal phase were pooled, and 10 ml were subjected to assay. A mass f ragmentogram of 19-OHT in ovarian venous blood is shown in Fig. 3 . The concentrations of 19-OHT in ovarian vein in the follicular and luteal phases were 280 pg/ml and 93 pg/ml , respectively. Levels of 19-OHT in peripheral veins were not detectable by the methods used .
Discussion
The presence of endogenous 19-OHT was first identified by GC-MS in equine testes10,11) In humans, Sano et al1) showed that 17(3-estradiol as well as 19-hydroxy-and 19-oxotestosterone were formed by the preparations of the follicles and corpora lutes from radioactive testosterone. Moon and Duleba2) identified significant amounts of 19-OHT from radiolabeled testosterone in in vitro incubation of human granulosa cells. They suggested that 19-OHT is not only an intermediate in the aromatization process but also a discrete compound of the ovary. However, there has been no report of the presence of 19-OHT in human body fluid. In the present study, the method for determination of 19-OHT was newly developed using capillary GC-MS. Quantitation was achieved from the mass fragmentography by measuring the peak height of the 19-OHT relative to that of the internal standard using [7,7-2H2] 19-OHT. This technique permits the analyst to correct for the loss of compound during the assay procedure. Furthermore, the [7,7-2H2] 19-OHT used in the present study was of high isotopic purity and was found to be stable in all procedures including extraction , derivative formation and GC-MS measurement. Derivative formation of 19-OHT by MOTMS seems to be suitable for steroid measurement by SIM, since the derivative can be prepared easily, has high volatility, and the ion has high molecular mass. In this study , two fractions of authentic 19-OHT-MOTMS derivatives with different retention times were noticed in the capillary GC-MS. Comparison of the mass spectra indicated that these compounds were isomers of a 3 keto steroid as MO derivatives . Since the ratio of two peaks was constant, 
